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Abstract

Worldwide the number of diabetes patient is increasing and the rate is alarnongtines

with low and middle income. Management of a diabetes are still costly which leads to high
mortality rate in low and middle income countries. Considering the fact that diabetes is a
noncurable disease, prevention and managemeiné anly optionto deal with. However,

proper lifestyle management requires awareness, knowledge and care. Utilization of
Information and Commundation technology based tools carake life easier to manage
diabetes. Smartphone applications are also becoming more papitigr@nvenience and

easy to use. Sharing knowledge, creating awareness, disease management and even
diagnosis is possible using smartphone applicatiolmidtbased system can also bring
benefits in this regard as it can be accessed from anywherawimde With the existing
infrastructure it can be used as a tool to create awareness, share knowledge and it can also
help people to manage their Kftigle effectively. In this thesis we have reviewed ICT
enabled services and articles for diabetes awasen@evention and management, and
proposed a cloud based framework that can be used for screening diabetes and educating
people about ifThis cloud based framework can also be used for preventing and managing
diabetesWe have also explored possible smn of diabetes prevention and management
through mobile application. We also presented a smart application, DiaHealth for diabetes
managementor complete diabetes lifestyle management, DiaHealth is designed with all
necessary advancexhd some uniquéeatures which includes Digital Log Bookwvith

Graph and Statistics, Intelligent Suggestions, Support for two different Languages and BMI
Calculationwith visual representatio©Other necessary features like Blood Pressure and
Blood Glucose Monitoring, QuikcHelp, Food Value and Physical Exercise List are also
included.To complete the thesis warkve added recent trends of diabetes management
using cloud services and mobile applications and compared our work with other existing
services. We piloted our apghtion and obtained user feedback, accordingly made
recommendation for future improvement. With the technological advancement, we believe
our work will shed light to diabetes patients to manage their health and life style,

consequently it will prevent hi#h consequence and reduce healthcare cost.
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Terminology

ICT Information and Communication Technology
IT Information Technology

Al Artificial Intelligent

GPS Global Positioning System

App Application

PDA Personal Digital Assistant

SMS Short Message Service

PC Personal Computer

DM Diabetes Mellitus

DM2 Diabetes MellitusType 2

BMI Body Mass Index

HbAlc Haemoglobin Alc (Glycated Haemoglobin)
WHO World Health Organization

WDD World Diabetes Day

SEAR SouthEast Asian Region

IDF International Diabetes Fed#an

NCD Non-Communicable Disease

USA United States of America

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases
NIH National Institutes of Health

ADA American Diabetes Association

AADE American Association of Diabetes Educators
JDRF Juvenile Diabetes Research Foundation International
ACE AngiotensinConverting Enzyme

ARB Angiotensin Receptor Blockers
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Chapter 1

Introduction

This chapter introduces the background, motivation @méctivesof this thesis. The
challenges and contributions of this reseaaot summarized in this chaptém. the last
section of this chapteorganization of the thesis is summarized.

1.1 Background

Diabetes Mellitus (DM) is a chronic disease and occurs if the pancreas cannot produce
required amount of insulin or the body cahuoee insulin effectively. Type 1 arfid/pe 2

are two different types of diabetes among whigipe 1 diabetes is more severe. Type 2
diabetes leads tdype 1 diabetes if left untreated and not properly controlled. Gestational
diabetes is another kind of etes that occurs during the time of pregnancy [1].

According to World Health Organization (WHO), 8.5% of adults who are at least 18 years
old had diabetes in the year 2014. In the year 2012, 1.5 million people died because of
diabetes and 2.2 million pelepdied because of high distribution of fasting plasma glucose

in blood. It is the projection of WHO that, in 2030 diabetes will become the 7th major cause
of death [2].

According to Global Report on diabetes, Geneva, 2016 by WHO, the number of diabetes
paient has increased dramatically 108 million to 422 million from the year 1980 to 2014
which is almost four times higher. For both Men and Women highest number of deaths
occurred in the age of 50 To 69. The prevalence of diabetes is also increasing hapidly
1980 worldwide prevalence of diabetes was 4.7%. However, it increased to the number
8.5% in the year 2014 which is almost double compared to the 1980 [3]. The details of
diabetes prevalence categorized by countries with different income groupoane ish
Figure 11.

Diabetes Prevalence from198o to 2014

10%

9%
8%

7%
6%

N
4% -
2%
2% -
1% -
o% -

1980 1990 2000 2010 2014

m World-wide Diabetes

Prevalence

W Countries with Lower-

Middle Income

Countries with High
Income

Prevalence of Diabetes

Year

Figurel.1: Prevalence of Diabetes from 1980 to 2014 categorized by countries with
different income group.



To preventhe complexity of diabetes which leadsiaths, blood glucose level should be
controlledand life style should be managed pedp. The treatment of this type# disease
through medicine proves lower improvement of pafemt h. dailuré im proper
diagnosis also causégalthproblems, complications and finaltieaths. This indicates a
costeffective solutionis required This solution can be the seifanagement and use of
ICT, a present dayinfrastructure to promote knowledge of diabetes prevention and
management and to shape lifestyle of a diabetes patient.

To overcome the present daystsiof diabetes and to help patients to manage their lifestyle
more effectively, mobile applications can be made and used [4] as well as websites can be
made with necessary features to screen diabetes, to help communicate with doctors more
effectively andsharing knowledge to help them to manage their lifestyle effectively. In this
research we have discussed about present day scenario of diabetes management. We have
also discussed the rad¢ ICT in thiscontext. We then, proposed a cldaased architecture

for diabetes awareness, prevention and management. We have also presented our smart
mobile application DiaHealth which is helpful for complete diabetes lifestyle management.

1.2 Motivation

Diabetes is a growing concern and number of diabetes patiemréasing worldwide.
Diabetes is a lifelong disease and once occurred, there is no escape from this. However,
prevention is big deal fofype 2 diabetes which actually leadsTygpe 1 diabetes. Type 2
diabetes can be prevented by taking regular exer@sagehealthy food and by checking

risk overall, by modifying life style. This life style modification can prevégpe 2
diabetes by 50% [5]. However, these preventing measures can be performed effectively by
the people who are properly educated with khewledge of diabetes. This diabetes
education can be performed in various ways. ICT can be the right tool and also a media to
perform knowledge education and share knowledge about diabetes.

Diabetes causes complication which leads to death in a long Rroper life style
management is the key to control this disease. Treatment of diabetes is costly and
complication caused by diabetes requires additional treatment. In developing countries, the
situation is even worse. To address this problem, an innevautigl cost effective solution

is required which will prevent diabetes and helps patient to modify thestlife.

Cloud based architecture can be very fruitful in this regard as it can be accessed from
anywhere with IT enabled devices. With the existifcastructure it can be used as a tool

to create awareness, share knowledge and it can also help people to managedtydsr life
effectively. Interactivecloud based platform can be used to show tips, diet measurement
information and generate prevemineasures.

Along with cloud based architecture, mobile application based solutions can also play an
important role. Steps which can be taken to prevent and manage diabetes with the help of
ICT are SMS based mobile awareness, internet based health mmgnigsystems,
Information Technology for creating awarenesse of Mobile Health (mHealth)
technology andising application services (Mobile app.). In this research we have studied
mobile applications based awtbud based solutions to address this alagnissue. We

have presented our smart app DiaHealth for complete diabetes lifestyle management and
proposed aloudbased solution to screen diabetes and help patient to manage their lifestyle
more effectively.



1.3 Objectives

The objective of this researchto analyze ICT enabled services, articles to promote ICT

in an effective way for diabetes awareness, prevention and management. To promote ICT
in this context, we have discussed possible solutions and we propasedddased
framework for screening dbetes patient and help them to manage diabetes effectively. We
have also presented our smart app DiaHealth which provides complete solution for diabetes
lifestyle management.

Our goal is to prevent diabetes and help patient to manage the disease tGbugbrl
thisreasonpur objective were

1 To study recent trends of web based services for diabetes awareness, prevention
and management.

1 To identify necessary features to be coveredlbydbased solutions to effective
diabetes management.

1 To definefeauresfor screeimg diabetes usingloudbased services.

1 To propose &loud based framework that covers necessary aspects to cover the
services for diabetes awareness, prevention and management.

1 To definenecessary features for developing smart mobile egidn for diabetes
lifestyle management.

1 To develop a smart app for complete diabetes lifestyle management which will
include the features,

1 Blood glucose monitor

Medication suggestion

Diet plan

Physical activity/exercise plan

Automated transfer of bloodugose data

Secondary features may include:
A SMS based service/notification
A Data entry and record (blood glucose/sugar, blood pressure, HBA1c,

cholesterol, weight etc.)

Nutrition information

Communication with healthcare team

Education

Weight management

Blood pressure monitoring

= =4 -4 -8 -9
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Finally, it can be said that, if we succeed in implementing our solution in real life,
prevention and management of diabetes will be easily possiblpeapde of rural areas
will also find it useful to manage this diseastectively.

1.4 Challenges

Diabetes is a lifelong illness and it is a global concern. People of developing countries are
facing more challenges to manage diabetes as cost of diabetes treatment is costly. Even in



developed world it is a big challenge to address isue. The goal of this thesis is to
provide cost effective solutions using ICT which is an integral part of our life. Along with
this we have faced several challenges whibéng this thesis work. These challenges
include both experimental design anelvdlopment studies. Challenges that are faced are
given bellow

9 Studying websites that covers diabetes care.

Identifying necessary features for ttleudbased architecture.

Defining parameters and techniques to screen diabetes remotely.

Defining unique fatures that is yet toe provided by anycloudbased solutions.
Identifying all necessary features to develop DiaHealth was really a challenge.
Making DiaHealth a unique and complete appong all healthcare related apps
(around 30,00@pps are availabje

Developing the app with usérendly and easy Ul (User Interface).

1 Developing the app with both languages (English and Bengali).

= =4 -4 A -
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It is good news that, we have successfully overcome all the challenges and completed the
thesis work with desired outcomes.

1.5 Contribution made to knowledge and Publicatios

In this thesis work we have several contributions to the existing knowledge. We have made
two publicationsin two International Conferences. Details are given in sesti@ow

1.5.1 Contribution

Diabetess a global concern. More people are engaging as diabetes patient day by day and
the prevalence of diabetes is increasing very rapidly in both developing and developed
countries. The cost of treatment of this disease is still very costly and cost efgadtition

is hard to find (Details of present day diabetes scenario is givehdpter2). Prevention

of diabetess big deal to address the issue. Lifestyledificationis required to live a
healthy life and to control this disease. Information and @amnication technology (ICT)

is now an integral part of our life. Our contribution is to find one or more cost effective
solutionsfor preventing diabetes amelp diabetes patient to manage this disease properly.
To do this, we have analyzed receldud based solutions and mobile application based
solutions for diabetes awareness, prevention and management. Then, we have proposed a
cost effectivecloudbased solution and presented a smart app DiaHealtrcl@uarbased
solution has necessary features t@vpnt diabetes by creating awareness through
knowledge sharing. It can also be used to screen diabetes remotedyiniplement this
successfully, diabetgmtient will be abléo communicate with desired docteven he/she

stays far away, especially mral areas. SMS, Email based reminder and alarm services
are also integrated in this system. Our smart app DiaHealth has some unique and all
necessary features for a complete lifestyle management. With the help of this app diabetes
patient can easily mawr his/her montHong and even yearlong health status. Most
necessary features provided by DiaHealth are digital log book, Diet Planning and
suggestion, BMI calculation, Food value of different foods, exercise lists with calorie burn
chart and other necesry features. If we can implement these two solutions in real life it
will be easier for diabetes patient to control the disease through lifestgiéication.



1.5.2 Publicatiors

During the period of my M.Sc. thesis, the research work performed irh#ss thas been
published and accepted in two international conferences (One is already published and
another is accepted). A list of publications of this research work is includgmbandix A

1.6 Organization of the Thesis

This thesis is organized ingix Chaptes. Chapters 2 and 3 contain background materials,
chapters 4 and 5 mainly describe the research specifics of this thesis, irChhjuies 4
describes proposedloudbased architecture and 5 describes the research work on smart
app DiaHealthChapter 6 draws the conclusion of the thesis. The contents of each chapter
are listed in the following.

1

T

Chapter 1 introduces the background, motivation and focus of this thesis. The
challenges and contributions of this research are summarized.

Chapter 2 tyes review of current practices of diabetes management. At first present
state of diabetes management of developing countries then developed countries are
given. Then, challenges and problems of developing countries to manage diabetes
are given. The preséday scenario of this disease is also discussed in this chapter.
Chapter 3 gives detail overview of diabetes management using Information and
Communication Technology (ICT). At first ICT based solutions are discussed, then
mobile app based solutions also given.

Chapter 4 presents a proposelbud based system for diabetes awareness,
prevention and management. In the beginning of this chapter we discussed about
availablecloudbased services for diabetes management. Available features are also
summaried in a table. Then, wkave discussed our proposed system with a
flowchart. The features of the proposed systegalso discussed in the later section

of this chapter.

Chapter 5 presents DiaHealth: A smart app for complete diabetes lifestyle
managementn this chapter dirst, we compared features of DiaHealth with some
popular available apps. Then detail features are discussed. After that, the
application of this app in Bangladesh is given. Some user feedback is summarized
later in this chapter.

Chapte 6 presents discussion, critical analysis, conclusion and future work of this
research.



Chapter 2

Current Practices of Diabetes Management

In this chapter, we have presented present situation of diabetes management in both
developing and developed coussi At first, present scenario of diabetes management in
developing countries and then developed countries are provitted that,challenges of
developing countries to manage diabetes are given.

2.1 Introduction

Diabetes is a growing concern and hasobee a major socieconomic challenge. People

are suffering from diabetes both in developing and developed countries [6, 7]. Genetic,
environmental and lifestyle management factors play a great role in developing diabetes
[8]. Diabetes occur when the bodgnmot produce required amount of insulin or the body
cannot use insulin effectively. Because of total or relative lack of insulin, body fails to
metabolize sugar effectively. Fat, protein and glycogen are then broken down in order to
produce sugar which salts high sugar level in blood [9].

Thirst, sudden weight loss, blurred vision, polyuria may present as characteristic symptoms
of diabetes [10].

The effects of diabetesevery severe. In long term it may cause damage and dysfunctions
of various orgas [10]. Type 1 diabetes mellitus encompasses the majority of diabetes,
which are primarily due to pancreatic islet beta cell destruction and are prone to
ketoacidosis [11]. If diabetes is not wetntrolled, complications will follow. These
complicationgnclude kidney, heart, eye disease, mental disorder etc. Moreover, treatment
of these complications is expensive and isgealvere economic burden to the poor people.

In developing countries, the situation will become worse ascoamrmunicable diseases

like diabetes are evolving rapidly in this region [3]. Diabetes prevalence is also high in this
region. Despite this high prevalence, the quality of care is still very low in developing
countries [12]. Diabetes is becoming epidemic in both developing aretbged countries

and for this reason it has become the cause of serious public health problem and clinical
concern [13].

Both developing and developed countries struggling to manage diabetes. In developed
countries, people are trying to manage this desetwough medication, lifestyle
management and through other expensive solutions. The situation is no good here. The cost
is still very high. However, the situation is worse in developing countries, as people do not
want to spend much money on any disebse this reason, complications of diabetes are
increasing and peoplresuffering more

2.2 Present State of Diabetes Management in Developing Countries

Diabetes has become major health problen20ib3 it affected 382 million people and
deatls caused b diabetes wre5.3 million in that year [14]. It is estimated that around 592

6



million people will be affected by diabetes in the year 2035 [14]. Amoribesdk diabetes
patientsaround 80% diabetes patient live low and middle income countries [14 Ltk so

Asian region diabetes has become seventh major attributable risk factor for burden of
disease [15]. Previously, diabetes was considered to be a disease of rich people, but now it
is causing serious health problem in people of middle and low incoméeriesuj®-8],
particularly affecting more Southsians [16]. The health system of low and middle income
countries is still fragile. The soceconomic burden of diabetes has put an enormous
pressure in the health system in these countries. In South Agian,ré is found that,
Bangladesh has the second largest number of adult diabetic patients (5.1 million adults,
6.31%) [14].

According to IDF (International Diabetes Federation), around half of the population living
with diabetes in SoutAsian region wex unaware about their condition in 2013 [14].

There are severahusedehind obesity and developing diabetes in developing countries.
Current lifestyle with better economic development, increased income and urbanization
have caused diet change and lessigal activity. Lifestyle management through physical
activity and diet plan is the most important thing to control diabetes. Unfortunately, people
of developing countries are less aware about these factors. In develgpmg diabetes

diet and lifestyé play key role. However, genetics also play a great role in develdpey

2 diabetes. Although, obesity plays an important factor in the diabetes epidemic, it does
not alone explain the vast increase in prevalence of diabetes especially in the dgvelopi
countries [17].

In the last few years, diabetes has become a serious health problem in low and middle
income countries and has been found in a wide variety of atypical forms. Its socio
economic burden is huge in developing countries, people of theseries lack basic

means of diagnosis and much knowledge how to control or prevent this disease. Another
major issue is that, in developing countries there are low number of healthcare providers
who have requisite knowledge, experience and expertisedaraite of diabetes patient.
Diabetes care in these countries needs to address some specific criteria which includes
background of the patient population, pat.i

The situation is worse in stfBaharan Africa as 33 dfie 50 poorest countries in the world
situated here [19]. These huge population lack knowledge, medication and other means of
diabetes care.

There is an issue in collecting information about diabetes management in low and middle
income countries, as theseuntries are hospital based and data that is found is only on
patients who visit hospitals regularly [13]. More epidemiological survey is required to get
real data on diabetes management in these counties and it has become urgefityag both

1 andType 2diabetes mellitus is increasing rapidly [14].

According to a recent study, it is found that the number of diabetes patient is increasing in
Bangladesh [14]. However, the treatment and control of this disease is still substantially

low. There are a lot aleasons for variation of treatment and awareness among people of
developing countries like Bangladesh. Access to care depends oresonmmic status of

a family and it affects awareness and treatment. It also found that, people of Bangladesh

has less carity to spend money on healthcare [14]. Moreover, proper management of

di abetes mostly rely on the health systemd



services with affordable cost to the general people. A recent study showed that, in
Bangladeslaround 12% people sell household assets or borrow money to pay healthcare
costs which are related to chronic disease [20]. Although government is subsidizing public
health services, thefgil to provide affordable healthcare to the poor population [20% Th
factor implies that, for this subpopulation this subsidized program may not work properly.
For this reason, poor population of Bangladesh skip taking medication and refrain
accessing other health care services to avoid financial burden. Despiteitiscammmic
burden, subsidized healthcare system is highly restricted to child health programs and some
communicable diseases [22]. It is also found that, NCD management receives less attention
especially for diabetes and hypertension [14]. To overconse titiation, health policies,
programs in Bangladesh should be scaled up according to current situation acteégred
disease burden. Figurelzhows agispecific and agestandardized prevalence of diabetes

and prediabetes in Bangladeshi adults agedeassyor oldef14].
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Figure2.1: Agei specific and agestandardized prevalence of diabetes and prediabetes in
Bangladeshi adults aged 35 years or older [14].

2.3 Present State of Diabetes Management in Developed Countries

Diabetegs serious health concern and the prevalence of diabetes is increasing rapidly. The
situation is noless serious in developed countries. Around 8.2 million (6.3 percent) people
of United States have diabetes. However, diagnosis rate is high and peopl@ode
healthcare services in developed countries like US, compared to developing countries.
Among 18 million of diabetes patient of US, around 13 million are diagnosed and around
5.2 million are still to diagnose [23].

Diabetes is still major problem miral areas of developed countries. In US, the incidence

of diabetes in rural areas is around 17% higher than in cities. The people of rural areas have
less access to the advance healthcare system and many of them are poor and less interested
to spend fotthe treatment. In rural US, between 28% and 45% of diabetes patient is left
untreated [24].



A Research team from the Department of Pharmaceutical and Administrative Sciences,
Presbyterian College School of Pharmacy, Clinton, South Carolina have pubhsired t
research work in the Journal of Pain Research which reviews data collected from a free,
pharmacist led diabetes education clinic. In that research, they have found that, the majority
of diabetes patients who were treated for diabetic neuropathy, remeved guideline
directed care [24].

Another research has found that, around 60% diabetic patients with neuropathy were
undiagnosed and even undocumented. That research also indicates that, in those rural areas
men are likely to develop diabetic neuatipy more than women. Patients with diabetic
neuropathy are found around 12 kilograms lighter than those who have not developed
diabetic neuropathy [24].

Compared to developing countries a lot more research organizations, institutions conduct
research ounliabetes and other namommunicable diseases. NIDDK (National Institute of
Diabetes and Digestive and Kidney Disease) of USA is one those institutes. It has its own
research laboratory where it condsutsearch and provide supports to basic and clinical
research in the medical centers and hospitals of United States. NIDDK also gathers data
and analyzes statistics about diabetes. NIH (National Institute of Health) is another institute
that conduct research about diabetes related complications and pr@gde $or the heart

and vascular complications, eye disease and dental problems [23].

In developed countries, there are many other organization outside government to provide
diabetes education and provide support for diabetes research. American Asso€iation
Diabetes Educators (AADE), the Juvenile Diabetes Research Foundation International
(JDRF) and American Diabetes Association (ADA) are such organizations.

In developed countries, research on diabetes has increased in recent years and advanced
researchon this field led better ways of treating and managing diabetes and its
complications. The output of these advanced reseactidesbetter ways of monitoring

blood glucose level, long acting and quick acting insulins and developmentivasive

methals to monitor blood glucose level [23]. According to NIDDK, some key findings in

this aspect are given below,

1 Invention of outer insulin pump to supply insulMow, it is not required to have
regularinjections.

1 Laser technology for eye disease causedi@betes. This technology prevetite
risk of blindness.

1 Successful pancreas and kidney transplantation in those diabetic patients whose
kidney fails because of this disease.

1 Better drugs for the treatment Bype 2 diabetes and better ways to conweight
for managing diabetes effectively.

1 Preventing development of diabetes complications through intensive management
of blood glucose level.

1 Researched to find out that, two tgpef antihypertensive drugs, Angiotensin
Converting Enzyme (ACE) inhibitorand Angiotensin Receptor Blockers (ARB)
are more effective compared to other antihypertensive drugs to reduce decline in
kidney function in diabetes patients.



1 Successful islet transplantation for people witfpe 1 diabetes. This promising
result is acleved by researcher of University of Alberta in Canada.

It is clear that, developed countries have more resources and educated personal to research
on diabetes management and help people with promising results. However, diabetes is still
big concern worldwde including developed countries and for this reason more research is
still required in this field.

2.4 Main challenges of managing diabetes mhevelopingcountries

2.4.1. Ignorance

Ignorance plays a great role in developing diabetes and its complicafieople of
developing countries are less aware of this disease. Due to this ignqraapke with
diabetesare lately diagnosedvenafter arisingdiabetic complications. For people with
diabetes living in rural areas in this region it is not high pgidatspend to prevent diabetic
complications. Like buying footwear is luxurious to some people which may prevent foot
complications and a lot of people in rural areas are found who walks in barefoot [25].

2.4.2. Economic and cost of management of diabetes

The management of diabetes is complex and multidisciplinary, hence expensive for the
people of low income countries where most of the people live below a dollar per day [13].
There are three broad categories of economic costs.

a. Direct healthcare costs Direct healthcare costs include costs on purchase of
medicine, glucometers and other necessary things for those who can afford it. This
costs also include cost on visiting hospitals and other healthcare facilities, to see
professionals and specialists andaitsoney spent for hospitalization for diabetes
and its complications [17].

b. Indirect cost on healthcare Indirect healthcare costs include costs of nursing
homes and informal care provided by relatives and healthcare professionals.
Societal expectations fappropriate place for professional and informal healthcare
certainly have economic consequences [17]. Friends and relatives may lose
productive hours which is important for their work or business while caring for their
patients.

c. Productivity costs. Produtivity costs includes earning loss from morbidity and
mortality when time is taken by economic individuals to treat their condition and
disability associated with its complication [17]. In developing countries, with the
help of scare resource, some effeetprograms are still possible to put in place.
Some patients, mainly in rural areas travel a great distance to seek medical care.
This means people need more money in order to get medical checkups and to visit
healthcare professionals. This discourageelic patients from seeking early
diagnosis which may reduce healthcare costs in future [17].

Diabetes mellitus is a growing problem. This problem will have significant impact on
individual and national economics. Diabetes will create serious burderatth peblem
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also. These direct and indirect costs will be increased asandmoregeoplewith income
sourceare getting affected [26]. However, good data on direct and indirect medical costs
of diabetes are not available in most of the developingtdesrj26].

2.4.3. Poverty

In developing countries, health condition is poor and a lot of people live below poverty line
[19]. Healthcare services are limited and people cannot get all services because of their
poor living condition. The number of healtheaprovider with requisite expertise,
experience and knowledge are very low in these countries. In healthcare facilities there is
alack of diagnosis and monitoring tools and supply of insulin is also irregular. In many
parts of developing countries inguis still not always available [18].

2.5 Conclusion

In conclusion, it can be said that, people living in urban areas with higheressmiomic

status have more access to healthcare services compared to thdiyiagpterural areas.

Both indevelopingand developed countries people of rural areas are suffering more from
diabetes and its complications. However, the rate of diabetes is still high among people
who live in urban areas and have good s@conomic status [14]. To assist diabetic people

in developing countries, proper diabetes detection is needed and valid treatment is required.
To attain this, government should give top priority Non-Communicable Diseases
(NCDs), especially to diabetes and disease related to diabetes complications. the hea
system is needed to be reformed based on disease burden. Universal health insurance is
needed to be implemented or other financial services needed to be established in order to
ensure that, people from aspects, rich or poor will have proper healsiecaices. People

are also needed to be educated more about diabetes awareness, prevention and management
through lifestyle modification and dietary habits.
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Chapter 3

ICT -basedDiabetes Lifestyle Management System

In this chapterwe have provide detail overview of diabetes management using ICT and
Mobile Apps. To do this we have analyzeairent research workgxisting mobile apps
and ICT based other solutions that are availablsupportdiabetes patient. At first ICT
based solutions are disgsed, then mobile app based solutions are discussed.

3.1 Introduction

Diabetes is a nenurable disease and it causes serious complicatidanis Ieft untreated

which eventually causes death [27, 28]. More people are affecting by this disease and the
rate is increasing alarmingly [28] his is an everlasting disease till death. The good news
here is, this disease can be controlled and it requires proper lifestyle management. All kinds
of diabetes require proper patient care including diet managementjse, medication,
awarenesssufficient knowledge on this disease and strict discipline ififibgtyle. The

main key to control this disease is s@nagement. But, this is a challenge to most
diabetes patients as it requires a lot of change incddayt habitual activities. In developing
countriesmost people are ignorant and unaware about diabetes. For this reason, diabetes
remainsunnoticed and in long run causes deaths. For this reason, main chiztengitle

and low income countriels to awae people about diabetes and its complications. For
people who are already victims of ditds, their main challenge is to lifestyle modification

to control diabetes and further complications caused by diabetes.

Recently, in a very short span of time, I@fAformation and Communication Technology)
has emerged significantly and become an integral part of oy28ieDue to the recent
evaluation of ICT, world is now in our hand grip and information can be found more easily
with a touch of a finger. It hdseen found that, in developed countries around 80% people
own a mobile phone and in developing countrigs @&round 50% [30]JAmong allthese
mobile phonesa lot are smaphones.Smartphones are the latest inclusand it offers
functionalities like acomputer, still remain hand or inside a pock&l]. Besides
smartphonandPC (personal computensers have increased significantly. Smartphones,
PDAs (Personal Digital Assistan8nd PCs are nowfacilitating advanced operating
systems which enable ther data storage, web browsing, access to internet, social
networking and many morg2]. In many casesthese ICT enabled devices eases up
complicacies of our life. In healthcare, ICT enabled services are providing enormous
contribution [33, 34]. Mobileand IT (Information Technologypased services are
spreading fast and offering a lot supports to patients which include educatien, self
management options, counselling, information etc. [28, AbJthese features are very
helpful to keep control over diates as succes of selfmanagemendepends on the
glycemic control by monitoring blood glucose in a proportionate rate [36].

In this chapterwe have analyzed articles, existing mobile apps and ICT based other
solutions that are currently availablestgpport diabetes patient. Based on the analysis and
discussion of this chapter we designedaudbased framework and a mobile application
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with necessary features to support diabetes patient in both developing and developed
countries. The details will bellowed in next chapter.

3.2 ICT based Solutions foDiabetesPrevention andManagement

Diabetes is nowwurable but preventable disease. Creating awareness is the first step to
prevent diabetes. To creawarenessye need to spread the knowledge aboaventive
measures of this disease. World Diabetes Day (WDD) is celebrated yearly on November
14 to aware people about diabetes and to show them the means of prevention. This
campaign is supported by International Diabetes Federation (IDF) and corregpondin
member associations. Other ways those are followed to create awareness are organizing
flash mob, speaking in schools and colleges, spreading leaf lets, handbooks, banne
making news on newspapers [3Aowever, as we live in an age of technology, we can
aware people more effectively by using information and communication technologies.
Nowadays, almost akinds of people including children and atjeld peoples use some

kind of communication devices [B8

The number of mobile phone has increased draaibtiand a related study showed that,

the number of messages sent tripled globally between the year 2007 and 2010. Being low
cost and instant transmission mobile messaging has become well accepted among people
of all status. For thigeason,mobile phone rassaging (SMS) can be used to send
educational advice as well as motivational messages to changgdifst preventing
diabetes [ In a recent study, it has befrund that, worldwide the number of smartphone
user is more than 1 billion. It has alseelm found that, around 30,000 healthcare based
mobile applications are available [38pr these reasonse can develop an application to
promote healthy lifestyle which will help people to prevent diabetes and manage the disease
effectively. Moreover, pgent can find it interesting and easy to maintain diabetes through
such modern technologie$he following Figure Figure 3.1) shows available android

applications for heal teh Palnady fldttonreesos [adv0ai | a
B Google Play [ a | # o @

0Oje,ich
chhse! A

Figure3.1: Screenshot of Google Play Marketplace, showing some of the health and
healthcareaelated apps that are currently available for downloading.
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Smartphone, Personabmputers (PC), Notebooks dablets are found even with peoples

in developing coumies. With the help of internet all these devices can be used as a tool or
communication media to share news about the prevention of diabetdswihiactually

aware people [41Another important sector that can be considered is Social Media. Social
meda has become an important part of our life. More people are engaging in social media
every day. Social Media can be used as an easyeffestive solution to reach millions of
people across worldwide. This platform can be used to share online restebgsages,
statistics, medication and a lot of information can be shared in social media to raise
awareness. Health promotion is also possible through internet based social media which
include Facebook, Twitter, Myspace, blogs, messaging apphcdike Viber and
WhatsApp [42

Websites are becoming more popular day by day not only for accessing information but
also to share knowledge, storing information and communication purposes. A recent study
showed that, in rur&hina a smart web aid helped pea@édentify and diagnose diabetes

a way that was never been possible befohe name of their systemfisS mar t Web Ai
for Preventing Type 2 Diabetes (SWAPM2 ) 0 . U s -DM2Zj ardsil 229 patient

identified with diabetes risk and within 6 mosttii3diabetes diagnosis was possible][43

For this reason, it is now feasible to take help from internet based websites to prevent
diabetes and also control this disease by educating people through online.

3.3 App based Solutions for Diabetes Lifestyle Managesnt

Mobile phonesre becoming more populand it has become an essential part of our daily
life. According to dfferent statistics in different countrieg has been found that around
80% people uses mobile in developed countries, in developing ceubhisearound 60%

and 50% in least developed countries [30, 44, 45]. If we consider families then, around
89% families own at least one mobile phone in the world [IB@.beingpredicted that,
globally the number of mobile phone user will cross 90% geon [44]. The number of
smartphone users are low compared to the mobile phong bseit is estimated that in

next 5 to 10 years around®do 90% people will use smartphone [44]. For this reason, it
can be a revolution to use smartphapgplicationfor lifestyle management of diabetes
patients.

In our review of diabetes lifestyle manageménbugh mobile applications, weund that,

there are almost same number of mobile applications are available for both Android and
I0S. Android applications atess expensive, more user friendly compared to iOS and also
available for various types of devices like tablets, phones etc. [30, 3Zrdh].various
online appstore,it is also found thatAndroid applications are more popular compared to
other platfomsespeciallyin low and middle income countries.

App can be bought from online app store. There are also free apps Theseser ratings

and features do not significantly differ between paid apps and free appbi¢8vdver, a

lot of free apps are alsdound which lack quality features and usability. Being cost free,
free apps are more popular in low and middle income countries as people of these countries
are not eageo spendheir valuable money on mobile apps.
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Table3.1: Summary of the Features of the Apps

Name

Features

Medication

Glucose Monitor

Diet Plan

Auto Data Input

Exercise

Blood Pressure
Monitor

Communication

Weight

Detail Log Book

Differentiate

Diabetes

Education

Sugar Sense

o

o

X

Diabetes Tracker

T | T petween types o

Diabetes: M

X

on Track

X

Diabetes PA

T | T| 0| T

T | 0T| 0| T

T| T| 0| T

T | T | T

T| 0| T| T

Blood Sugar Manager

X

X

X

X

Blood Glucose Tracker

iHealth Gluco Smart

Glucose Buddy

T | T | T

Diabetes Glucose Diary

X

BG Monitor Diabetes

Diabetes Recorder

Diabetes Plus

My Glycemia: Diabetes Tracker

Sugar Log

Diabetes Diary Glucose Tracker

Diabetes Tracker Mobiscreen

Diabetes Connect

Smart e-smbg Diabetes Lifelog

T|TVT| V| O

o

T| V| V|| T|T| T

Diabetes Journal

X

X

X

dbees.com Diabetes Management

o

Glucool Diabetes

T| 0| T|T| T

SiDiary Diabetes Management

Lifespan Measure

T | V| T|TO

| V|TV|TVT|T| T| T

Diabetes Diary

X

T| V| TT|T| DO

Sweet Log

X

Diabetes UK Tracker

Glucose

Gmate

X

Diabetes in Check

Mysugar Diabetes Log Book

Glucose Wiz

T| V| TT| O

Diabetes Pal App

T | V| TOT| O

Diabetes Pedometer

X

Diabetes Kit Blood Glucose Logbook

| V| V| TVT|T|T

|dv99|,v©9|d9|(9|9|, 9| V| V|OV|(0V|(0V|OV| V| OV|VW|(OV|0V|OV| V| TV|V|(UV|(OV|TV| V| V| TV|(TV|(TVT|TOV| V| V| T

T|TVT|T| O

T|T|T| O
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Glucose Companion X =) X x x x P P P P X
Easy Diabetes X =) X x x X X x P X x
Glooko x P P P P P P P P x x
Diabetik P = x X P X P X p x x
Diaguard X p x X p X x P = x x
Diabetes in Check P p =) X P X P x =) P P
Glicontrol X p =) X x X P x x x x
Diabetes App Blood Glucose Tracker X p X P p X = x P X x

There are a lot of mobile applicationsvesll as cloud based solutions to enhance diabetes
lifestyle management. However, automation is not present everywhere especially in low
and middle income countries. For this reason, diabetes patient can be automated in lifestyle
management, but physiciansy lag behinar vice versa. Butthis is a starting effort to

use mobile technology for human health and
We reviewed diabetes related mobile applications and sorted out all necessary features for
diabetes fiestyle management.

In our review we carefully selected applications with an extensive search. Our reviewed
apps consist of both paid and free apps. These apps and their features are summarized in
Table3.1. Total 43 apps are compared here. Among th&sapps, 32 apps are free and

rest of the apps are paid with a price range of 2.86 USD to 9.99 USD. In terms of features,
usability and functionality free apps did not differ much from the paid dppsn this

table it is clearly visible that, no app isplete in terms of lifestyle management as every

app misses more than one necessary features. From this,rexéessllected essential
features for diabetes lifestyle managementlatet we developeda smart apiaHealth

with all necessary features fooroplete diabetes lifestyle management (discussed in
Chapter 5).

3.4 Conclusion

The potential use of Information and Communication Technology encourages wide variety
of mobile applications andCT based solutions in healthcare. A lot of diseases do not
require selfmonitoring and lifestyle management. Diabetes iscmmmunicable but not
curable disease and it requires awareness and lifestyle management to control this disease.
To achieve glycemic control, continuous monitoring is required especiallyd@hild and

old people. Timely notification is also required for these diabetes matidhthese put a
heavy challenge in diabetes selnagement. ICT based solutions are easier to use and
people of all ages are getting used to it. For this re@satthcare related servicéscused

on diabetes are now widely available. All these services are important for diabetes
prevention and management. The fact here is that, no single service is cdrfgete
complete diabetes care. Tharestill fields left for research and develop more significant
and complete services.
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Chapter 4

Proposed Architecture for Diabetes Awareness, Prevention and

Management

In this chapter, we have presented a proposed cloud based architecture for diabetes
awareness, preventiaand management. In the beginning of this chapter we discussed
about available cloud based services for diabetes management. Available features are also
summarized in a table. Then, we discussed our proposed system with a flowchart. The
features of the prased systens also discussed in the later section of this chapter.

4.1 Introduction

Diabetes is complex hormonal disorder. Worldwide, more than three hundred million
people are affected by diabetasl thenumber of diabetes patient is increasiAgcordng

to WHO, around 347 million people are victim of diabetes. bhamgpredicted that the
number of diabetes patient will be doubled by 2030 [46, 47]. Prevention and early diagnosis
can reduce this burden. To maintain a good quality of life, severalpiksrhave been
proposed along with lifestyle management. There are four keystones for diabetes self
management which are diet, physical activity, controlling blood glucose and insulin level
[47].

To reduce the occurrence of this disease we need to exgateness and take preventive
steps as much as possible. To reduce the deaths caused by the diabetes, psoger life
management is required. Present day healthcare system is netjuiplbed to face this
crisis of diabetegven in developed countrie4d. The situation is worse in developing
countries. According to WHO, the diabetes increase rate is alarming in-SasitiAsian
Region (SEAR) and total of all diabetes patient, more than 20% will be found in this region.
Currently, around 7 million cases diabetes are available in Bangladesh and the number
of diabetes patients is increasingthe rate of %% in a year [4P To overcome this crisis
selfcare activity is required in addition to existing healthcare programs and medical
interventions. AAE (American Association of Diabetes Education) has a guideline
supported by American Diabetes Association for-safe educations. A set of activities

are defined in that guideline. Most important of them are performing exercise, taking
healthy foods, madation and selmonitoring. All these activities are hard to follow for a
diabetes patient. However, the use of ICT can be very helpful for a patient in this context
[50]. Theuse ofCTc an e n h an c ecarp activityeMotedver, patient candint
interesting and easy to maintain diabetes through modern technologies like mobile apps
and websites.

In this chapter, we havanalyzedcloud based services, articles to promote ICT in an
effective way for diabetes awareness, prevention and managdimgmamote ICT in this
context, we have discussed possible solutions and we proposed a framework for screening
diabetes patient and help them to manage diabetes effectively.
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4.3 Related Work

There are lots of websites available for diabetes educatiorswgumbrt. Some of these
websites also offer diabetes risk test Tgpe 2 diabetes. American Diabetes Association

has its own website. They provide important features which includes risk tdstpep
diabetes, medication guideline, diet plan and BMI khétowever, there is no option
available for Blood glucose monitog, SMS/Email notifications [91 There are other
websites also available with similar features. However, in an extensive search there is no
cloudbased system found which supports diabptegsention, management and screening

in a single platform. Our proposed framework can screen diabetes based on the input of
user, suggest medication, provide diabetes education for all kinds of user, and provide
support by assigning a doctor.bl@4.1shows the summary of some mostly used websites

for diabetes management and prevention.

In this summary we have added basic features for diabetes awareness, prevention and
management. Limitation is added to visualize the strength of a particular web. Thg coun

in which the website is developed also added. It is matter of sorrow that no interactive
website is found developed and used in Bangladesh. Bangladesh Diabetes Association has
its website only provide diabetes information.

Table4.1 Summary of Some Mily Used Websites for Diabetes Management and

Prevention
Features
@
£
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= 0 = [} = @) 2
® Q o =} 1) = =
E] @ = = 5 o| B 5] £
S| 3 5| © 2| £ % z
L 8 = [t %] x 3} = o
n| © Slc| ol & 8| E g 3
i P QB < a | c| 2 = o
= o 7] o = 0 S w =
2102 |gls/2|g|8|2|c|8lal ¢
8 3 2|l e| 8| &|8|=]| s S| = ®
[a) = o | = &) ul m| mo| O n |l n o
American | b . dia breseure. monitoing. - ortion
diabetes b p: n V| pbm2r (U |V |V ]|V ]| u|Vv | Vv |V ]|U]|usa P able. Diab 9 op
Association etes.org available. Diabetes screening
not also available.
No active blood glucose, Bloo
. . pressure  monitoring  option|
Diabees Sel Bgfé/s/::ewlf\:vnlgrllzc v |u ulviviviuvlulyv v | v Not available. No BMI checking an
Management 3 found Diabetes testing options availab)|
ement.com/ . . PR
either. Diabetes screening is n
also aailable.
No active blood glucose, Bloo
pressure  monitoring  option
Sanofi http://www.san . available. No BMI checking an
Diabetes India| ofidiabetes.in/ vVo|u Uiviv|v uiu U | U | India Diabetes testing options availab)|
either. Diabetes screening is n
also aailable.
Diabetes hitps:/www.di Er(:aszslﬁtrlge b:r?ggitgl:i\zose’o;iligon
. " .
Australia abetesaustralia| V | DM2 ulVv i | VvV | V| U]|U/|V V | U | Australia available. Diabetes screening
com.au/ ;
not also available.
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Thg National No active blood glucose, Bloo
Institute  of e -
Diabetes and http://www.nid pregls,ttj)rle Nmogll\;?rlnhg k_optlon
Digestive and| dk.nih.gov/Pag| V | U u|lv i | VvV ]|]V | U]|U/]|V V |V | USA avarable. o checking an
. Diabetes testing options availab
Kidney es/default.aspx . . B
) either. Diabetes scregy is not
Diseases also available
(NIDDK) .
No active blood glucose, Bloo
pressure  monitoring  option|
Lilly| http:/iwww.lill available. No BMI checking an
Diabetes ydiabetes.com/ vVo|u UV Vv Vv uugyv U U | UsA Diabetes testing options availab
either. Diabetes screening fot
also available.
No active blood glucose, Bloo
pressure  monitoring  option
FitoMe http://iwww.fit v |u ulviviviuvululv v |u | usa a\_/allable. Nc_) BMI qhecklng_an
2me.com/ Diabetes testing options availab
either. Diabetes screening is n
also available.
No active blood glucose, Bloo
Canadian pressure  monitoring  option
: http://www.dia available. No BMI checking an
Dlabet_es_ betes.ca/ ViU UV VvV U v v V|V | Canada Diabetes testing options availab|
Association . . PR
either. Diabetes screening is n
also available.

* Diabetes Mellitus Type 2 (Type 2 Diabetes). Onjype2 diabetes test option is available

in that

particular website with user data input.

4.3 Diabetes Screening and Management: A Proposed System

To identify diabetes patient and manage the diseaseopese aloudbased architecture

where

diabetes screening will be performed automatically based on user input. The process

follows given steps;

T

T

At first, user has to create his account by giving necessary information to identify a
person. Creation of acaat will be done through email/cellphone verification.

Then, system will generate some questions regarding diabetes symptoms for rapid
assessment which will include BMI (Body Mass Index), diet and exercise pattern,
obesity, previous diabetes record in aother family members and other
assessments.

If diabetes risk is detected, then system will ask for blood glucose test.

If there is no risk detected then, system will provide (electronic media) some basic
knowledge and preventive steps of diabetes. Attat, tsystem will update its
database and end the procedure.

User with diabetes risk need to perform blood glucose test. Bhesger neeslto

input his result in the system. System will then identify whether the user has
diabetes, prediabetes or normal dition.

If no diabetes found (fasting glucose < 5.6 mmol/L) then system will follow steps
designed for user without diabetes risk. If prediabetes found (fasting glucose is 5.6
to 6.9 mmol/L), then system will generate basic treatment guideline and pveventi
steps, provide diet plan and required exercise pattern. It will also set a reminder for
checking in next 30 days. The reminder message can be sent to registered email
address/cellphone number. In the end system will update its database for this
particulr patient.
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1 However, if the value of fasting glucose is greater than 7.0 mmol/L, then system
will undergo a weeklong observation for the user. In this time, the system will check
user 0s B MI l evel, di et pattern, bl ood
necessary parameters.

1 If the user proved as normal or in prediabetes state, the system will follow steps of
a user who have prediabetes.

1 If diabetes is confirmed, then system will engage the user as patient. It will also
subscribe the user to daily feediathis email/SMS based. This feed will provide
necessary information about controlling diabetes and also motivational messages to
change lifest y | e . System wi ||l al so generate
condition, BMI level and required exercisetpat.

1 Then, a doctor will be assigned for the patient depenadimigis/her geographical
area.

1 Atthe endsystem will update the database with new information about the patient.

These steps are for new users. If the user is not new and also is not &tipatiesystem

will start it steps from rapid assessment. If the user is a patient then system will generate
his/her statistics considering his/her diabetes condition. Then system will start steps from
measuringlood glucose level. Figure¥shows the flarchart of tle proposed framework.
Figure4.2shows the architecture of the framework.

4.4 Features of the Proposed System

ICT is already an important part of our life and the use of ICT in the healthcare sector is
promising.Cloud based services are the shavidespread sector of ICT. With almost all
kinds of IT enabled devices a website can be viewed and service can be taken. Considering
this fact, we proposed this our frame with required feature for diabetes awareness,
prevention and management. With thésatures it will be easier to screen the disease,
monitor health and spread awareness as well. Features of proposed system summarized
below.

1. SMS based reminder and Knowledge sharing.

2. Engagement of more people and aware them on Social Media.

3. Sharing knowldge about preventive steps on social media in a regular basis.

4. Interactive website to keep track on diabetes patient as well as to aware them about
the disease.

5. Use of Telemedicine/mHealth/eHealth facilities (if exist) to spread knowledge,
awareness andfé style management information which can be very fruitful in
preventing the disease.

6. It can also be used as a media for remote diagnosis of the disease and also it can
help to identify diabetes patient by providing them the knowledge of diabetes
symptomsand measurement procedures.

7. With the integration of GPS (Global Positioning System), it can be also used to

track down nearest healthcare center in case of emergency.

Communication is possible with the assigned doctor in case of emergencies.

9. It can also hip doctors to keep track on the patient which will reduce the need of
physical meeting; a cost effective solution when patient and doctor live far away,
especially in rural areas.

o
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Overall, the use of ICT can be very fruitful for the management and prenearitdiabetes
disease. It is a disease that needs personal awareness and life style medication to control it.
The use of ICT is a big deal in this context. As people use ICT regularly, it will be easy for
them to take necessary steps through ICT.

User Login
: No
Registered
Member? Create Account
Yes ¢
No
Patient? Rapid Assessment
Yes ¢
i NE Provide Basi i
Generate Report Dla.betes rovide Basic Knowledge
Risk? and Preventive Steps.
ﬂk
Perform Glucose Test Fasting Glucose < 5.6 mmol/L
Fasting Glucose < 7.0 mmo
Glucose Pre-
Level diabetes?
Fasting Glucose is between 5.6
Fasting Glucose >=17.0 mmol/L and 6.9 mmol/L
Weeklong Basic Treatment Guideline and
Observation Preventive Steps
Diabetes \ 4
Proved? Provide Diet Plan and
Exercise Pattern
Engage as
Patient
A
Subscribe to Daily Feed Set Reminder to check for
(SMS, E-mail) next month
Generate Diet Plan and
Exercise Pattern
A 4

--------

Contact Doctor

End

Figure4.1: Flowchart ofCloudbased smart diabetes screening and managegstais
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Web Content

ad User Information, Statistics, Report

mal Diabetes Screening, Management —

Figure4.2 Architecture ofcloudbased smart diabetes screening and management
system.

4.5 Conclusion

The number of diabetes patient is increasiagidly and it is definitely a challenge to

reduce the rate. To address this issue, preventive measures are needed to be taken. Creating
awareness, sharing knowledge are the ways of preventing diabetes. There are also some
challenges to resolve which inckidinancial challenges. Implementation of web based
platform can be very fruitful addressing all of these issues. Internet and web have its own
infrastructure and it is already is an active part of our life. So, if we use this proposed web
based infrastruare in a proper way it will be cesffective, easy and user friendly solution

for diabetes awareness, prevention and management.

To reach the goal and to successfully implement our research work and its feature there are
still some steps needed to beaakWe need to develop the cloud based framework and to
experiment it for further study and effectiveness of this type services. We need to collect
user feedback to make it more perfect and user friendly. We need to consult with physicians
as it is a serge that concerns about human health.
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Chapter 5

DiaHealth: A Smart App for Complete Diabetes Lifestyle

Management

In this chapter we havaresenéd our smart appiaHealth forcomplete diabetes lifestyle
managementAt first, we compared feature$ DiaHealth with some popular available
apps. Then detail features are discussed. After that, the application of this app in
Bangladesh is given. Some user feedbaeksgsummarized later in this chapter.

5.1 Introduction

Diabetes imon-communicable buton-curable lifelongsicknessDiabetes patiesineed to
maintain regular medication witifestyle management. Selfianagement is required to
prevent complications causeg diabetes and proper education is needed to perform self
management effectivel\bP].

In 2014 there were around 422 million peoplao werediabetes patientn the year 2011,
more than 4.5nillion adult peopledied because of diabetes [3]. In that year, the cost of
treatment of complexities caused by diabetes was more than 466 bilio dollar [33].

According to the report of World Health Organization (2016 InternatiBeglort onthe
disease diabetes, Geneva), maximum number of individiedisin developingcountries
because oligh fastingplasma gucose level in blood and leaatnount ofdeaths occurred

in poor and low incomeountries [33]. People who are aged between 50 and 69 were the
primary victims of deaths caused by diabefgem the year of 1980 to 2014, totaimber

of diabetes patient raised to more than @@lon from 108 million which was almost four
times higher [33]Total amount ofliabetes patienwho are adulof different regions from

the year 1980 and 204e depictedh the following graphFigure5.1).
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Figure5.1 The amountf totaldiabetes patiernwho are adulbf different region®f the
world from the year 1980 and 2014

A lot of complexities arises if diabetésleft untreated and is not properly controlled.
These complexities may cause deaths in a long term. To prevent these complexities, blo
glucose level should be monitored and controlled through proper lifestyle management.
Treatment of diabetes through medication proves lower improvement in diabetes patient.
It is also found thatack ofaccuratediagnosiscauses healthroblems complcations and

finally deathg4]. All of these indicates that, a cost effective solution is required to assist
patient with diabetes and prevent this disease as wdlhis cost effectiveanswers of this
problem can be utilization of smartphoaeplication, an ICT basedolutionfor assisting
selfmanagement of diabetes management through sharing and promoting knowledge
about effectivelife-style managementna ki ng remi nder f or medi c
alarming for high blood glucose level and many othays. It can also be used for creating
awareness among people and sharing knowledge about preventive steps of diabetes.

DiaHealth is complete and smart app that helgeteerand maage diabetes effectively

It can also prevent diabetes in means @frisiy diabetes knowledgé this chapter, we

have discussed DiaHealth and its advanced features, the use of mobile application in
diabetes lifestyle managememipplication of DiaHealth in Bangladesh and some user
feedback of this appVe havealsoobsenedrecent scenario gfrevention and management

of diabeteghrough mobile applications.

5.2 DiaHelth Compared to RecentSmartphone Apps

Mobile appis the recent inclusion in ICT. With its advanced features, smartphone
applications can be used to prevant control diabete&Vorldwide, here are around 1
billion smartphone users are available and 30,000 apps are availablearebased on
healthcare [39]. A recent study on diabetes management through mobile application has
showed that, there are arout@d4 diabetes related apps are available @8ineof these

apps can perform multiple actiowsich include Diet Plannindeatures to use Digital Log

Book, Blood Glucose Monitoring, Communication, Medication, Weight Statistics and
Education Services [49F5ome apps are being researched and some are already available
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which applied Augmented Reality for the visualizationpobtein calorieand other food
value in a particular food items [53)l of these features of smartphone based apps are
very much heiful in both preventing and managing diabetes in a same time.

It hasbeen foundhat,in the end of the year 2011, more smartphone werevamiidiwide
than personal computers [54].

Google Play Store, Apple App Store, Microsoft App Sore are marketsptzfaaobile
applications. All these market plax&fer thousands of mobile apps. In most tinpex)ple

find it difficult to select right applicatiofor their requiremerfrom all of these apps. There

are also some apps available which are poorly designédwviscientific backgrounds.

These apps become outdated and useless by time. However, it is easier to modify mobile
apps compared to print materials and can be upgraded when needed. It has become common
practice nowadays thageneral people mostly ubegherratedmobileapps without getting

much information about that apHowever, top ranked mobila@pps are not always best
mobile apps foreal life use [49.

Before developing our smart mobile app DiaHealth, we studied and explored more than 70
reputed iternational conference papers and journals [49]. Our findings was published in

2 0 1 EBEsInternational Conference on Computer and Information Technology (ICCIT),
Dhaka, Bangladesh. While studying about mobile application based solutions for diabetes,
we have seen that some common features exist in almost all apps. We have also found that,
apps with higher ranks do not always offer bestuies and usefulness. In our study

found thatthere are some features missimglmost every appshich guidesisto develop
DiaHealth a smart and complete apjth all required features fdifestyle managemeraf

a diabetes patient

After carrying out systematic review, we have summarized the primary features of the apps
for diabetes management. Those are:

1 Monitoring Blood Glucose Level

Diet PlanSuggestion

Exercise Plan

Medication Suggestion

Measurement and/or entry option to digital log book for Blood Pressure, Weight,
HbAlc, Cholesterol etc.

Automated data transfer for blood glucose
Nutrition Information

Entry option forblood glucoseand record of data
Education

Monitoring Blood Pressure

Communication with physicians

1 Weight Management

= =4 -4 -4

= =4 -4 -4 A -9

DiaHealth offersall essentiabnd required features for diabetes lifestyle managerrent.
Table5.1, we have compared DiaHeaithith some other mobile applications. In thisble

we have summarized only few top ranked and popular apps, as we showed detailed
summary of currently available apps in our previous publication.
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Table5.1 Feature Comparison of feWop Rated an&opularMobile Apps with

DiaHealth
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4 0, > o

s 3 S
Diabetes: M Yes | Yes | No Yes | No No Yes | Yes | Yes | Yes | No Yes | 4.7
Sugar Sense Yes | Yes | Yes | Yes | No No Yes | Yes | No Yes | Yes | Yes |4.2
Glucose Buddy | Yes | Yes | No No No No Yes | Yes | No Yes | No Yes | 4.4
Diabetes Tracker | Yes | No Yes | Yes | No No Yes | Yes | Yes | Yes | No Yes | 4.0
Dr. Diabetes Yes | Yes | Yes | Yes | No No No Yes | Yes | Yes | Yes | Yes | 4.3

DiaHealth Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | N/A**

* Rating oftheapp was laschecked in Google Play Store on October 15, 2016.

** Rating value of DiaHealth is not available right noag we have not uploaded DiaHealth
to Google Play Store yet.

5.3 Featuresof DiaHealth

DiaHealth is acomplete andsmart app which islesignedto assist diabetes patient to
manage their lifestyle effectivelyhis app is @omplete mobile application fthe lifestyle
management ofliabetespatient It hasall essentiaffeaturesof most used and popular
smartphone applicatiorsnd also offers additional but required features which include
Auto Data Input, BMI Calculation and Triskand Tips for diabetic pele To offereasier

User Interface (Ul) for better user experience, all features are categorized into various

sections, user inpure designed with easier optioasd more graphics (menu icon and
images, graphs) are used for proper visualization. Fi§Welepicted the outlook of
DiaHealth mobile app.
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Figure5.2 The outlook of mobilappDiaHealth in Both Bengali and English.

The features of DiaHealth are described in the following section.
Supportfor Two Languages:

The most important and fundantahfeatureof DiaHealth is two different language
support. DiaHealtlis develope@dnd designed iBangladesh and we consider the thett,
individualsfor rural areasvill utilize DiaHealth to monitor their health status, manage their
lifestyle and to larn about diabetes. For this reason, DiaHealth has full support for Bengali
language as every feature and functionality of this appotiszed in Bengali.Now,
individuals with lessknowledge and learningf Bangladesh wilbe benefitted by using
DiaHealh more effectively. People generally feel more comfortable to use an app if it is in
their first language, mother tongue. Because of higHealth isdeveloped witlHEnglish

and Bengali language support. Now, people of Bangladesh will feel more condgddabl
useDiaHealth in managing Diabetes. All the features and functionalities of DiaHealth are
properly interpreted in Bengali.

An Appfor Diabetes Screening

According to the user input, DiaHealth can detect whether a person has diabetes or not. For
thisreason, DiaHealth can be used as a screening tool where diabetes screening is required.
To get accurate information, all parametarsl factorsare usedased orinternational
standardsDiaHealth has an #built feature to differentiate tesiutcomesbasd on the

blood glucose measurement tink@r this reason, it can determirighe result is for pre

meal (test before taking food®)r post meal(test before taking foodgndbased on the
outcome of the test can decide if the persos diabeticor not

Digital Log Book:

Lifestyle management is the single msiginificantthing to keep contradverdiabetes. To
do this effectively, kedpg records of certain health parameters and dngdkose in a
regular basiss very importantDigital log book is ery essential in this aspect. Diabetes
patient can add records to this log book and can check anytime. It canatadvwoth past
months in orderelly time. Mainfeatures of thisog book

27



1 Addrecord optiori or  Blsod Préssure

1 Add record option for Bod Glucose level withime frame (Prameal, Fasting and
Postmeal)

1 Add record option for different types of Physical Exercise with Duration

1 Add record option for Calorie Intake

91 Add record option for Medication with Time

The Uer Interface (Ul) of add reeds to log boolof DiaHedlth is shown inFigure5.3.

Statistics with Graph Representation:

For a diabetes patient,is requiredto monitor health status regularly. Bldoglucose is
essential to check regularly becadsgbetes patients neémlmaintainblood glucose level

in danger fre@ange. For accuratBagnosis, it is also required to keep information of blood
pressure, food consumption aplysical exercise [34In this regard, graph view of full
statistics can be very useful and fruitful to monihe status of health. It will also be useful
for physicians to diagnostbeir diabetes patients more effectively.

DiaHealth can generate differesthtistics ofvarious health parameters based on the user
entry. This statistics and parameters are @gwoduced in graphs for better visualipat

of the health condition odliabetes patiest DiaHealth does not only provide digital log
book for data entry but also offer visual output through graphs. In DiaHealth, the following
graphs are shown;

(a) Graphvew ofu s e r 6 s EReltigeduratioa |
(b) Graph view ou s eBlododsGlucosedvel

(c) Graph view ofu s eBloddsPressure

(d) Graph view ofu s eCaldrge Intake

This isfull graph presentatioi® monitor health of a diabetes patieandfor this,it makes
DiaHealh an essential and complétealth status monitoring app. Figure shows graph
representation of health status of diabetes patient.

il B Ll 67 8:32

Add Log

Date: 2016-04-16 08:31:04 pm

Blood Glucose 7

Status Pre-meal ~

Last Eaten 3pm

Amount 213 B.P80/120

Last Exercise Type  None
¢ @ =
Figure5.3 The User Interface (Ul) of adty records to log book of DiaHealth
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Figure5.4: Graph representation bkalth status of diabetes patigfat) Statisticsn graph
of blood glucose levelb) Statisticsn graph of blood pressuréc) Statisticsn graph of
calorie intake(d) Statistican graph of Exercise

Intelligent and SmartSuggestions:

DiaHealth caruse useéy s  h stasistics o make suggestion about required action plans
to guide diabetes patient, so that they cantrol diabetes in an effective way. Diet plan
suggestion, medication intakamount of physical activityo perbrm and other relate
measureare included in this Intelligent Suggestidnskeep control oveblood glucose
level.

For making letter and accurate suggestions, DiaHealth consider various health status which
include blood glucose level, blood pressure, calorie intake,itastdf medication and
exercise with duration and type. Allebe parameters are required for effective suggestion,
so that diabetes patient can lead a fit and healthy life.

Parameters which are considewgth suggested actions are categorized as follgwin

1 Is diabetes in under control not? If diabetes is not under contriblenwhatsteps
can be taken

1 How much one can eat?

1 Is blood pessuraunbalancegdlow or high?Which measuresre required to take?

The following image Kigure 5.5) depictsintelligent and smarsuggestion of DiaHealth
based on userds health statistic
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feedback

Suggestion

You can take 1734.5KJ more today.Don't
take more than that

Your pressure is normal

Thanks for having control over diabetes

TAKE ME HOME

Figure5.5 The intdligent suggestion of DiaHealth

Result ofBMI (Body Mass IndexCalculationwith Visual Representation

Unlike other mobile apps related to diabetes which onlyeasure or store weight
measurement, DiaHealth calc@abformation ofBody Mass IndeXBMI) and generate
resultbasedonithe result of BMI i sveigheamddeigatt ed usi n

Theequationis:

BMI = kg/n?
Here kgreferstop e r s o ghbis kilogmams and Arefers top e r sheighbismeters

The healthy rangef BMI for a persoris 18.5 to 24.9For this feature, a diabetes patient
will be able know whether he is overweight, obese, underweight or in normal range.

However, calculadn of BMI requires the measurement of height and weight and user need
to input these parameters to know his/her BMIDiaHealth, BMI result is represente
numerical values witggraphical representatiofhat means DiaHealth haspecial feature

to showimage ofhuman figure according tois/herBMI. Following image(Figure 5.6)
showscalculation of Body Mass Index and outcomi¢h visual representation.
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Figure5.6. BMI Calculation withvisual representation.

Food Values and Exercise withCalorie Burn List:

It is nowprovedthat, lifestylemanagemens the single most important facttr manage

and avertliabete454]. To modify lifestyle in an effective way, one need to take exercise
regularly and control their food habior this reason, knowg the food value of focdve

take and the amount of calorie burnt in a particular exercise is very important. These
important features are included in DiaHealth. DiaHealth shaifeseht foods with values

per 100gm serving and amount of calorie burrd particular exercise. In the food value

list, almost all available foods of Bangladesh asted Physicalactivity list includes
backpacking, bicycling, aerobidsasketball etc. with time duratiaf 1 hour.The list is
categorized ito three differensections according three different weights, which are;

1. How much calorie will be burnt if a person of 73 K@&rformsa certainexercise
for time duration of an ho@r

2. How much calorie will be burnt if a person of 91 K@&rformsa certainexercise
for time duration of an ho@r

3. How much calorie will be burnt if a person of 109 érformsa certainexercise
for time duration of an ho@r

Figureb.7showsfood value list and list of physical exercise. The left image shows different
foods with values per D0Ogm serving and right one shows different exercise with the
amount calorie burnh onehour.

31













































